We evaluated the role of dietary nutrients in the etiology of endometrial cancer in a population-based case-control study of 1,204 newly diagnosed endometrial cancer cases and 1,212 age frequencymatched controls. Information on usual dietary habits was collected during an in-person interview using a validated, quantitative food frequency questionnaire. Logistic regression analysis was conducted to evaluate the association of nutrients with endometrial cancer risk using an energy density method (e.g., nutrient intake/1,000 kilocalories of intake). Higher energy intake was associated with increased risk, which was attributable to animal source energy and a high proportion of energy from protein and fat. Odds ratios comparing highest versus lowest quintiles of intake were elevated for intake of animal protein (Odds ratio (OR) 5 2.0, 95% confidential interval: 1.5-2.7) and fat (OR 5 1.5, 1.2-2.0), but reduced for plant sources of these nutrients (OR 5 0.7, 0.5-0.9 for protein and OR 5 0.6, 0.5-0.8 for fat). Further analysis showed that saturated and monounsaturated fat intake was associated with elevated risk, while polyunsaturated fat intake was unrelated to risk. Dietary retinol, β-carotene, vitamin C, vitamin E, fiber, and vitamin supplements were inversely associated with risk. No significant association was observed for dietary vitamin B1 or vitamin B2. Our findings suggest that associations of dietary macronutrients with endometrial cancer risk may depend on their sources, with intake of animal origin nutrients being related to higher risk and intake of plant origin nutrients related to lower risk. Dietary fiber, retinol, β-carotene, vitamin C, vitamin E, and vitamin supplementation may decrease the risk of endometrial cancer.
recognition of the potential protective role of β-carotene, vitamin C, and vitamin E in the development of endometrial cancer, though the evidence is not entirely consistent. 5, 9, 15 Most previous reports have come from research conducted in Western populations. Difficulties in assessing nutrient intake from fortified foods, as well as relatively small sample sizes, may have contributed to the controversial literature. More importantly, the dietary sources of nutrient intake were not evaluated 5, 16 or only the source of macronutrients was examined, 9, 12,13,18 making it difficult to disentangle whether it is a dietary pattern or specific nutrients that play a major role in the etiology of endometrial cancer.
In this report, we further evaluated the association of both macro-and micronutrients with endometrial cancer along with their sources (plant or animal origin) in the Shanghai Endometrial Cancer Study (SECS). Unlike their Western counterparts, Chinese women have diets composed mainly of unprocessed and unfortified foods, and they seldom take vitamin supplements. These unique features provided us with an excellent opportunity to evaluate the association of nutrient intake with the development of endometrial cancer.
Material and methods

Subject recruitment
A total of 1,454 newly diagnosed endometrial cancer cases between 30 and 69 years of age, who were permanent residents of urban Shanghai, were identified through the Shanghai Cancer Registry from 1997 through 2003. Cancer diagnosis was confirmed by review of medical charts and available pathologic slides. Of the eligible cases, 1,204 (82.8%) completed an in-person interview. Out of 250 nonparticipants, 135 (9.3%) declined to participate, 66 (4.5%) died before interview, 35 (2.4%) could not be located, or were absent during the study period, and 14 (1.0%) did not participate for other miscellaneous reasons. The median interval between diagnosis and interview for cases was 5.6 months. (interquartile range 5 3.4-9.2 months).
Potential control subjects were selected randomly from female residents through the Shanghai Resident Registry and frequency-matched to cases by 5-year groups. The age distribution of controls was estimated in advance according to the age distribution of endometrial cancer cases in 1996 (age ranges 30-69). Excluding 59 women who reported previous hysterectomy, 1,629 eligible subjects were identified and 1,212 (74.4%) participated in the study. Reasons for nonparticipation included refusal (n = 340, 20.9%), absence during the interview period (n = 61, 3.7%), severe illness (n = 13, 0.8%), and other miscellaneous reasons (n = 3, 0.2%).
Data collection
In-person interviews were completed by trained retired medical professionals. We chose retired medical professionals as interviewers because they can provide medical consultation, draw blood, and are well trusted by the general population. A structured questionnaire was used to collect information on demographic factors, menstrual and reproductive history, hormone use, regular exercise, prior disease history, tobacco and alcohol use, family history of cancer, and height and weight history during adolescence and adulthood. Anthropometrics (weight, height, waist and hip circumferences) were taken during the interview using a standard protocol. 22
Dietary information was gathered using a validated food frequency questionnaire (FFQ), 23 which included 71 common foods and food groups. The questionnaire covered more than 85% of foods commonly consumed in Shanghai. Intake of fruits and vegetables was calculated by weighting the length of time that the food was available on the market during 1 year. Nutrient content from the Chinese Food Composition Tables 24 was applied to estimate nutrient intake from all food items and groups. Information on regular use of supplemental vitamins and changes in dietary habits during the week prior to the interview was also obtained.
Calculation of body mass index (BMI) and physical activity in metabolic equivalent tasks (METs), as well as the definition of menopausal status and years of menstruation, have been described in detail in our previous reports. 22,25
Data analysis
Nutrients of interest were translated into energy density variables by dividing by calories of intake (nutrient intake/1,000 kilocalories of intake). Nutrients were then classified into quintiles based on their distribution among controls and were treated as dummy variables in regression analyses. Unconditional logistic regression models were applied to estimate odds ratios (ORs) and 95% confidence intervals (CIs) of endometrial cancer risk related to each nutrient. Potential confounders adjusted for in the analysis include age (as a continuous variable), menopausal status (pre/postmenopausal status), BMI (by quintile, as a dummy variable), alcohol consumption (ever/never), physical activity level in METs (by quintile, as dummy variables), diagnosis of diabetes (ever/never), and total energy intake (by quintile, as dummy variables). Additional adjustment for nutrient supplement use (ever/never) did not change the results (data not shown in tables). Additional adjustment for levels of animal food intake (by quintile, as dummy variables) and total fruit and vegetable intake (by quintile, as dummy variables) were conducted during the analysis of dietary vitamin intake stratified by their sources. Trend tests were conducted by assigning an ordinal score (i.e., 1, 2, 3, 4, 5) for the quintile levels of micronutrients and duration of any vitamin use in months (never and quartile duration for users), which was then treated as a continuous variable in the models.
Results
Comparisons of cases and controls on demographic factors and selected traditional risk factors of endometrial cancer are presented in Table I . Compared to controls, women with endometrial cancer were more likely to have a high education level, a family history of cancer, a large body size, a long duration of menstruation, a history of diabetes, a high BMI, and few pregnancies. Cases were less likely than controls to participate in physical activities, to be postmenopausal, to drink alcohol regularly, or to use oral contraceptives. Fewer cases reported having taken vitamin supplements regularly (21.9%) as compared to controls (28.0%). Table II shows the median intake for selected nutrients and percentage intake of these nutrients from plant food sources among control subjects. Dietary fat, particularly, saturated and monoun-saturated fat, and retinol were derived mainly from animal foods (>50%), while plant foods were the major source of other nutrients in this study population. Moderate to high correlations between nutrient intake and animal food intake and nutrient intake and fruit and vegetable intake were observed.
Risk estimates associated with intake of energy and macronutrients are shown in Table III . The ORs (95% CI) for the highest versus lowest intake quintiles were 1.2 (1.0-1.7) for intake of total energy and 1.9 (1.5-2.5) for intake of energy from animal sources. Conversely, a high total energy intake from plant sources was related to a reduced risk with an OR of 0.5 (95% CI: 0.4-0.7). Similar source-dependent association patterns were observed for dietary protein and fat intake. The ORs (95% CI) for the highest versus the lowest quintiles of protein intake were 1.3 (1.0-1.8) for total protein, 2.0 (1.5-2.7) for animal-source protein, and 0.7 (0.5-0.9) for plant-source protein, while the ORs (95% CI) for the highest versus lowest quintiles of fat intake for total, animal-, and plant-sources were 1.1 (0.9-1.5), 1.5 (1.2-2.0), and 0.6 (0.5-0.8), respectively. High intake of saturated fat and monounsaturated fat were related to an increased risk of endometrial cancer, while high intake of dietary fiber was associated with decreased risk. Carbohydrate intake was not associated with endometrial cancer risk. Spline regression analysis indicated that associations of several nutrients with endometrial cancer did not appear to follow a linear dose-response pattern.
Presented in Table IV are ORs of endometrial cancer according to quintile of intake for selected vitamins. After adjusting for potential confounders, cancer risk decreased with increasing intake of retinol, β-carotene, vitamin C, and vitamin E (p for trend <0.05), but was not associated with intake of vitamin B1 (p for trend =0.37) or vitamin B2 (p for trend 0.55). Excluding subjects who had ever taken vitamin supplements did not change the results (data not shown).
Further stratified analyses were conducted to see whether the associations of dietary intake of micronutrients were independent of their sources. Significant inverse associations were observed for endometrial cancer risk with animal sources of retinol and plant sources of vitamin E. Neither plant nor animal sources of vitamin B1 or B2 were associated with cancer risk. We did not find a significant association of risk with animal-source vitamin E or plant-source retinol, which may possibly be due to low levels of these micronutrients in these food sources (data not shown). Table V presents the association between vitamin supplement use and risk of endometrial cancer. A significant 30% reduction in risk of endometrial cancer was observed for subjects who had ever used any vitamin supplement and for those who took multi-vitamins, compared with those who never took any supplements. Furthermore, the risk of cancer decreased with increasing frequency and length of vitamin use (p for trend <0.01). A few study subjects took single vitamin supplements. Compared to those who never used vitamin supplements, supplementation of vitamin C or vitamin E was associated with a nonsignificant 30% reduction in risk, and vitamin B supplementation was associated with a significantly decreased risk of endometrial cancer (OR 5 0.3, 95% CI: 0.1-0.8).
Discussion
In this population-based, case-control study, we found that risk of endometrial cancer increased with increasing intake of total energy, fat, and protein from animal sources, but decreased with increasing intake of these macronutrients from plant sources. Dietary intake of saturated and monounsaturated fat, but not total fat, was associated with an increased risk of endometrial cancer. Intake of dietary fiber, retinol, β-carotene, vitamin C, and vitamin E were associated with decreased risk. No significant associations were observed for intake of carbohydrates, vitamin B1, or vitamin B2.
Energy restriction has been shown to reduce spontaneous and induced tumors, slow tumor growth in rodents, 26,27 and decrease cellular proliferation by impeding progression of the cell cycle. 28 In contrast, a high calorie diet may result in the enhancement of insulin resistance, thus increasing the risk of endometrial cancer. 29-31 Out of 15 3-17 published epidemiologic studies, eight, 3-10 including one cohort study, 10 have reported that energy intake was positively associated with endometrial cancer risk. A number of investigations, 6,7,32 including our previous report, 6 have suggested that only high intake of energy from animal foods was associated with an increased risk of endometrial cancer. In the current study, we found that energy intake from animal foods was positively associated with risk, whereas energy intake from plant foods was negatively related to risk. The positive associations also pertain to dietary protein and fat intake, both of which are found in abundance in animal foods.
It has been suggested that dietary fat increases serum estrogen levels by influencing the metabolism of estrogen and increasing the intestinal re-absorption of estrogen, 32,33 thus increasing the risk of endometrial cancer, a hormone-dependent disease. Several epidemiologic studies have reported on the adverse effect of dietary fat on disease, independent of obesity. 17, 34 In this report, the association of dietary fat with endometrial cancer depends on its source.
That is, fat from animal sources may increase the risk of endometrial cancer, while plant sources of fat may decrease the risk. These findings do not support Prentice's hypothesis that fat consumption, derived from either animal or plant sources, is directly related to endometrial cancer risk, 35 but are consistent with our previous report. 6 We also observed a positive association for saturated fat and monounsaturated fat. Given that 77.9% of saturated fat and 68.6% of monounsaturated fat, but only 34.2% of polyunsaturated fat, come from animal foods, it would seem that specific types of fat can explain the different effects found for animal and plant sources of fat.
A similar source-dependent association pattern was observed for dietary protein intake in our study. Dietary protein has been implicated in the etiology of endometrial cancer given the high correlation between the incidence of disease and national per capita availability of meat and eggs. 3,35 Evidence from epidemiologic studies, however, has been limited and controversial. 6,12,13,16,18,19,32 Earlier studies on protein intake and endometrial cancer risk have found negative 16,18,19 and positive 6 associations. One possible mechanism behind the proteinendometrial cancer association is that pyrolytic products generated in the high-temperature cooking of protein-rich foods may be involved in carcino-genesis, 36-38 and not taking cooking practices into consideration may have contributed to the inconsistent results. It is possible that protein intake may only be a surrogate for pyrolytic substances and the heterocyclic amines (HCAs) produced under high temperature. 37,38 Another possible explanation for the sourcedependent associations of protein, energy, and fat is that source-specific nutrient intake is a surrogate measure for intake of foods rich in these nutrients or minerals. 39
Intake of complex carbohydrates was associated with a reduced risk of endometrial cancer in some studies. 7,13,17 Our study, like others, 6,14 found that total carbohydrate intake was not associated with endometrial cancer.
The significant inverse association of dietary fiber intake with endometrial cancer observed in our study is in line with previous studies, 9,12,16 most of which were conducted in Western populations. Dietary fiber intake has been consistently linked to low serum estrogen levels, possibly by decreasing the concentration of intestinal β-glucuronidase, shielding the estrogens excreted in the bile from bacterial deconjugation, inhibiting the intestinal re-absorption of estrogen, and promoting the excretion of estrogen with feces, 40 thus lowering the risk of endometrial cancer. 9,12 Female vegetarians, both pre-and postmenopausal, have been shown to have lower urinary excretion of estrogens and lower plasma estrogen levels than omnivores of the same age. 33, 41 Nutrients such as β-carotene, retinol, vitamin C, and vitamin E may inhibit the development of tumors, including endometrial cancer tumors, by eliciting their antioxidative effects. 42 However, epidemiologic studies have yielded controversial results. 5,14-19,43,44 Inverse associations of retinol and β-carotene or vitamin A intake with endometrial cancer have been reported in some studies, 5,12,18,45 but not in others. 15,32 The same is true for vitamin C 6, 13,18,32 and vitamin E. 5,7 Data regarding the role of vitamins B1 and B2 in the development of endometrial cancer are limited, and no clear association has been documented. 12,19,46 One possible explanation for these inconsistencies is that it may be partly attributable to the difficulty in disentangling the role of a specific nutrient from that of a dietary pattern. In our study, we adjusted the total amount of animal food intake and total fruit and vegetable intake in the analysis, and further evaluated the association of these nutrients by their sources (plant or animal origin). We found that high intake of retinol, β-carotene, vitamin C, and vitamin E were associated with a decreased risk of endometrial cancer. Inverse associations of vitamin supplement use with cancer risk in our study provide additional evidence on the possible beneficial role of vitamins in the development of the disease.
Several limitations inherent in this study must be addressed. As with all case-control studies, the possibility of recall bias could not be completely eliminated. In our study, however, we tried to minimize recall bias by shortening the interval between diagnosis and interview for cases and by asking the participants to ignore any dietary change over the past year. In addition, because neither study participants nor interviewers were aware of our study hypotheses, recall bias, if any, is likely to be nondifferential, resulting in an underestimation of the nutrient and disease associations. The response rate among controls (74.4%) was lower than that among cases (82.8%), raising the concern of potential selection bias. Unfortunately, this bias cannot be directly assessed in the study due to a lack of information about the nonrespondents. However, our study controls were comparable to the controls of the Shanghai Breast Cancer Study, a study completed in the same population 3 years prior to the current study that had a response rate of 90.3%. 47 Thus, selection participation bias, although it cannot be ruled out, may not be a major threat to the validity of the study. We implemented several measures to prevent interviewer bias. First, all interviewers received standardized training and were certified to conduct interviews. Second, a standard interview manual was developed and interviewers were instructed to follow the manual strictly. Third, interviewers were not aware of the study hypotheses. Fourth, all interviews were tape-recorded and the contents of each interview were evaluated by a quality control staff member. Similar to all epidemiological studies, measurement errors in dietary assessment are always a concern. Random misclassification of exposure between cases and controls may have biased the associations toward or away from the null. The specific content of multi-vitamin supplements was not available, which may have limited our ability to examine the associations between specific antioxidants and cancer risk. Although careful adjustment was carried out, residual confounding from dietary patterns and other lifestyle factors may still exist.
On the other hand, our study has several strengths. For example, the validated FFQ, the short interval between diagnosis and interview for cases, and the stable dietary pattern in our population have minimized dietary measurement errors. Our study also has benefited from a large sample size, high response rate, low frequency of use of vitamin supplements, and the ability to adjust for a wide range of potential confounders.
In summary, the results of this study suggest that higher intake of energy, protein, and fat from animal sources of food is positively associated with the risk of endometrial cancer. Dietary fiber, retinol, β-carotene, vitamin C, and vitamin E may reduce risk. 
